ABSTRACT : This article deals with determination of flexural strength for the purpose of product quality assurance of expanded polystyrene (EPS) boards. Using a newly developed, inexpensive flexural strength tester (FST) and a systematic sampling plan, flexural strength of eight experimental EPS products was evaluated. The FST was shown to yield results as precise as the standard ASTM test method. This agreement implies that sampling at specified mold locations and using the FST for in-plant testing could improve the process of quality assurance for EPS thermal insulating boards.
. Designing the QA program so that it would enhance control of the molding process and reduce board to board variation As the key performance characteristics, the EPS Division of SPI Canada selected the following: (1) thermal resistance per unit thickness (thermal resistivity) and (2) either flexural strength (for low density products) or compressive strength (for high density products).
Having established the objectives, the SPI/NRC project then focused on developing measurement tools. Two inexpensive test instruments -one for measuring thermal resistance [1] and the other for measuring flexural strength [2] were developed. Of Figure 1 , one board (in one case a pair of adjacent boards) was taken to form a bank of 27 boards. Each of these boards was then divided into 32 test specimens. Then, from these sets of 32 test specimens, three were randomly chosen and sent to a testing laboratory to which that product was assigned. Since this was done for each mold location of the product and three assigned products, each laboratory ended up with 27 test specimens (see Table 2 Of most importance, Table 3 shows that the results obtained on FST (L1-L8) are not consistently higher or lower than those obtamed from the standard ASTM tests (S1-S4). Also formed with the standard test method. At all three densities, using different materials, the mean for laboratory S1 is close to the mean for Laboratory S3. The differences between results obtained by laboratories using the standard testers, however, are not smaller than the differences between laboratories using the FST. Table 4 shows standard deviations for the nine breaking strength tests, corresponding to each &dquo;x&dquo; mark in Table 2 . The standard deviations in Table  4 show that variability in measurements at laboratories using the FST were similar to those obtained by laboratories using the standard tests. If the standard tests were more precise than that performed with the FST, the standard deviations for S-laboratories would be consistently lower than those for L-laboratories; across three nominal densities and samples from a variety of typical materials. This did not happen. Thus, both Tables 3 and 4 indicate that there is no consistent pattern of differences between the standard and the tested laboratories.
Finally the results of additional test series performed on 15 kg/m3 product (batch code 25) are listed in Table 5 .
Mean breaking strength (226 kPa) and standard deviation (12.7 kPa) are comparable to those obtamed for the same material during the main study (mean of 213 kPa and standard deviation of 14.6 kPa). So the additional study fully supports previous findings.
Spatial Variability of Material
As previously noted, three locations (A, B and C in Figure 1) were selected for sampling. Mean breaking strength and standard deviations were also examined as a function of the location and EPS density. Mean breaking strengths are presented in Table 6 and standard deviations of these measurements are presented in Table 7 . 
DISCUSSION
Standard laboratory equipment as used for ASTM testing [7] is often beyond the means of small manufacturers, therefore, a joint SPI/NRC project undertook development of some new and inexpensive Quality Assurance tools. This article examined precision of testing with a flexural strength tester (FST) where load is applied by adding lead shots to a calibrated plastic cylinder until the specimen breaks [2] . The Any quality assurance program may be designed in three stages: first, find the variation in the key-properties of the EPS boards cut from different mold locations; second, select process controls and find correlations to the keyproperties of the product; and third, use the information from stage one to assist in the adjustment of mold controls.
While this project was to compare precision of FST and ASTM testers, it also included the first stage in development of QA system, namely establishing a pattern of systematic sampling in the plant. To this end, these locations A, B, and C were selected on the basis of previous research [3] [4] [5] [6] and the comparison between FST and the standard ASTM testers was performed on experimental EPS products sampled at these specified mold locations.
How much within laboratory variation is expected on the basis of this study? Table 8 shows estimates of 95 percent repeatability and reproducibility confidence intervals, cf., Reference [8] , for testing with FST at three nominal densities.
Interpretation of repeatability intervals is as follows. Assume that a single material is manufactured and nine specimens are randomly assigned to each of many sets for testing (samples). One of the sets is selected at random, and a laboratory determines breaking strengths using the FST procedure for all nine specimens in the sample. The mean breaking strength for the sample is calculated. This procedure is repeated by the same laboratory with another sample selected randomly from all the available sample sets. Thus, two mean breaking strengths have been determined by the same laboratory on the same material. The difference in breaking strength between these two means is calculated. With complete precision, the difference between the two means would be zero. The less the precision, the greater the difference between the two means. If this procedure for determining two mean breaking strengths Table 8 . Estimated repeatability and reproducibility estimates for FST.
were followed many times, 95 percent of the differences would be less than or equal to the repeatability interval shown for the density of the material in Table 7 . Only five percent of the differences would be greater than the repeatability interval.
Suppose that a laboratory uses the FST for a material with a nominal density of 11 kg/m3 and obtains a mean breaking strength of 118 kPa for one and 145 kPa for another sample of the material. Because the difference, 27 kPa, exceeds the repeatability interval of 23 kPa for materials with a nominal density of 11 kg/m3, it is concluded that the material variability is not within the precision limits to be expected. In this case, the quality control of the manufacturing process would be questioned. There is a high degree of consistency between the FST and ASTM standard testing instruments. In short, an operator on the floor of the industrial plant after being provided with easy to operate QA equipment and proper training may produce results with the same degree of reliability as a highly trained technician in a leading testing organization.
